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Abstract
Objective—To examine the relation be-
tween time from onset of symptoms and
coming under ambulance and hospital
care on fatality in patients with evolving
acute myocardial infarction, and on the
proportions who survive because of resus-
citation and thrombolytic treatment.
Design—Prospective community and hos-
pital study over two years.Delay wasmeas-
ured from the onset of symptoms to arrival
at hospital, and from the onset to coming
under care from ambulance personnel.
Setting—Four general hospitals serving
three United Kingdom health districts.
Patients—2213 patients under 75 years of
age, 111 of whom had been successfully
resuscitated from out of hospital cardiac
arrest.
Interventions—Resuscitation from car-
diac arrest; thrombolytic treatment.
Main outcome measures—30 day fatality
and lives saved by the two forms of
treatment.
Results—Times from symptom onset to
coming under hospital care and to start-
ing thrombolytic treatment (given to 53%
of patients) were < 1 hour in 15% and 2%
of patients respectively, < 2 hours in 54%
and 25%, and < 4 hours in 67% and 55%.
Overall, 30 day fatality was 138/1000
patients treated; 64/1000 (95% confidence
interval 54 to 74) survived because of
treatment, and 80% of this salvage was
attributable to resuscitation. Delay was an
important factor: 107/1000 (60 to 144) lives
were saved for those coming under care
within 1 hour compared with 21/1000 (5 to
37) for those who delayed for more than 12
hours. Further analysis including the 111
patients with out of hospital arrest showed
that 34% of those coming to hospital by
ambulance came under ambulance care
within 1 hour; for this subset, 30 day fatal-
ity was 173/1000, and 136 (109 to 163) lives
were saved by treatment.
Conclusions—Results of treatment are
strongly related to delay in coming under
care. Reduction in delay can reduce
mortality from acute myocardial infarc-
tion.
(Heart 1998;80:114–120)
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Delay in coming under medical management
for evolving acute myocardial infarction is
undesirable because prompt treatment de-
creases the chance of death from arrhythmia
and maximises the potential benefit from
thrombolytic treatment. Increasing delay has
been correlated with increasing patient age,
female sex, and low socioeconomic status.1–3

Although patients who may have more severe
infarction tend to seek help earlier,4 5 final inf-
arct size6 7 and case fatality8 are reduced in
those who receive thrombolytic treatment early
compared with those who are treated later.
However, no quantitative assessment appears
to have been made in a large unselected series
of patients of the eVect of delay on reduction in
total fatality by resuscitation and thrombolysis.
Data from the United Kingdom heart attack
study9 have allowed us to examine delay in
coming under care as an independent prognos-
tic factor in acute myocardial infarction.

Methods
Methods have been described elsewhere.9

Briefly, between 1 January 1994 and 31
December 1995 we recorded all deaths from
acute episodes of ischaemic heart disease and
all hospital cases of acute myocardial infarction
in people under 75 years of age in the three
health districts of Brighton, South Glamorgan,
and York. Brighton (population 282 000) is
served by one hospital with a coronary care
unit, South Glamorgan (population 409 000)
has two hospitals, both with coronary care
units, while York (269 000) has one hospital
with a coronary care unit. Out of hospital
deaths were included if they showed ischaemic
heart disease as the principal cause of death at
coroner’s necropsy (86%) or, in the absence of
necropsy (14%), if death occurred following
prolonged chest pain or if patients with a
history of ischaemic heart disease died unex-
pectedly and without any other apparent cause.
Hospital cases of myocardial infarction

showed at least two of the following three
features: typical or compatible clinical history,
sequential electrocardiographic changes, and a
rise in serum enzymes to at least twice the
upper limit of normal for the hospital labora-
tory. Patients who died very soon after presen-
tation with prolonged chest pain and one elec-
trocardiogram showing an infarct pattern were
also included, as were patients brought in alive
after out of hospital cardiac arrest who showed
ischaemic changes (ST segment depression,
bundle branch block, or old Q waves) but did
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not develop unequivocal evidence of new
infarction. Cases were identified from coronary
care and accident and emergency department
records, by regular visits to medical and surgi-
cal wards, and by surveillance of cardiac
enzyme results from the hospital laboratories.
Lists of patients were checked against dis-
charge diagnoses provided by the hospital
information services.
We recorded the prehospital course, times of

onset of pain, call to general practitioner and
ambulance, and arrival of the ambulance at the
patient’s home and at the hospital. The onset of
infarction was recorded as the time of onset of
the most severe chest pain or, in the absence of
pain, of the most severe symptom that was
compatible with the diagnosis. Details of the
hospital course included the diagnostic electro-
cardiogram, time of administration of throm-
bolytic treatment, which was given in hospital
according to standard indications,10 the pres-
ence or absence of cardiac failure within 48
hours of admission (clinical evidence of left
ventricular failure or interstitial or pulmonary
oedema on the chest x ray or both), circum-
stances of cardiac arrest, success of resuscita-
tion, and 30 day fatality. For patients having
multiple cardiac arrests, only the circum-
stances of the first arrest were recorded. Survi-

vors from cardiac arrest all had documented
ventricular fibrillation, pulseless ventricular
tachycardia, or asystole, except for four out of
hospital patients who responded to basic life
support and were thought to have had an arrest
on clinical grounds alone.
We examined the eVect of delay in hospital

management first by defining delay as the time
between onset of symptoms and arrival at hos-
pital and excluding those who had suVered out
of hospital arrest. We then performed a second
analysis for patients arriving at hospital by
ambulance, taking delay as the time between
onset of symptoms and coming under ambu-
lance care, and including cases successfully
resuscitated from out of hospital arrest. This
latter time (usually the time of arrival of the
ambulance at the patient’s home) was recorded
on the form made out by ambulance personnel
in 83% of cases. In the remaining 17% in which
the time was not recorded, we used the hospi-
tal arrival times minus 31 minutes. This was
used because 31 (SD 17) minutes was the
mean time between arrival at home and at the
hospital for cases in which this time was
known.We restricted the ambulance analysis to
patients who reached hospital alive; results in
relation to attempts at out of hospital resuscita-
tion are described elsewhere.9 In both analyses
we divided delay times into five groups of < 1
hour, > 1 and < 2 hours, > 2 and < 4 hours,
> 4 and < 12 hours, and > 12 hours; repeated
analyses using diVering cut oV times yielded
comparable results.
Survival was assessed at 30 days after infarc-

tion. To estimate the eVect of treatment on
survival we assumed that all 30 day survivors
from cardiac arrest had survived because of
resuscitation. The eVect of thrombolytic treat-
ment on survival was estimated by application
of results of a recent meta-analysis8 to the delay
between symptom onset and the time at which
the thrombolytic drug was actually given. In
this analysis it was estimated that the lives of 65
of 1000 patients treated (95% confidence
interval 38 to 93) were saved by thrombolysis
when this was started within one hour of onset
of symptoms; numbers saved per 1000 treated
respectively at 1–2, 2–3, 3–6, 6–12, and 12–24
hours after onset were 37 (20 to 55), 26 (14 to
37), 29 (19 to 40), 18 (7 to 29) and 9 (−5 to
22). We assumed that the eVects of resuscita-
tion and thrombolysis were additive.

Figure 1 Flow diagram showing out of hospital deaths and the prehospital course of
patients admitted to hospital. *Early survivors of 642 attempted resuscitations.9
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Table 1 Delay between onset of symptoms and medical care

York
(n = 746)

S Glamorgan
(n = 894)

Brighton
(n = 573)

Hospital arrival
Median delay (h) 2.3 2.0 2.4
Delay < 1 h (%) 13 22 17

Paramedic care
Median delay (h) 1.9 1.6 1.9
Delay < 1 h (%) 29 35 33

No of 30 day survivors from out of hospital arrest 18 18 19

30 day fatality (%) 16 15 17

Figure 2 Thirty day fatality rates of all 2213 hospital
patients in relation to age, with 95% confidence intervals.
Values above bars refer to the numbers of patients in each
age group.
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DATA ANALYSIS

Significance levels were assessed by the ÷2 test
for trend.11

Results
The 2213 patients who were admitted with
myocardial infarction were drawn from a total
population of 3308 acute coronary events, one
third of which had been fatal before admission
to hospital.9 This is shown in a flow diagram
(fig 1), which also shows the role of the ambu-
lance service in resuscitation from out of
hospital cardiac arrest and in transport of the
patients to hospital.
Among the 2213 patients who were admitted

to hospital, 30 day fatality was 15.6%, and it
was 13.8% if 111 patients who had suVered out
of hospital arrest were excluded. Survival was
strongly related to age (fig 2) and to the
presence or absence of heart failure (4% fatal-
ity without failure, n = 1480, v 39% fatality
with failure, n = 732; p < 0.001).
Of the 83% of patients who arrived at hospi-

tal by ambulance, approximately two thirds
had consulted their general practitioner before
the ambulance arrived and one third had
telephoned the ambulance directly. Of the 17%
who arrived by other means of transport, a lit-
tle over one half had consulted their
practitioner. The median time to coming under
ambulance care was 1.8 hours and for arrival at
hospital, 2.3 hours. Neither the times nor the
30 day fatality rates diVered significantly
among the centres (table 1).

DELAY IN RELATION TO ROUTE OF ADMISSION TO

HOSPITAL

Table 2 shows the median times, with 25th and
75th centile values, from onset of symptoms to
coming under care for the four groups of
patients: those who called their general
practitioner and arrived at hospital by ambu-
lance, those who called their practitioner and
arrived by other means, those who called the
ambulance directly, and those who arrived
without calling their doctor or an ambulance.
The median delay for patients who called the
ambulance without reference to their
practitioner was 1.3 hours less than for those
who called their practitioner and arrived by
ambulance. It appeared that the diVerence was
accounted for mainly by a shorter delay in call-
ing for help for patients who telephoned the
ambulance directly (data not shown), but this
is uncertain because times of calls to the
general practitioner were unknown in nearly
half of the cases.

EFFECT OF TIME FROM ONSET TO HOSPITAL

ARRIVAL FOR PATIENTS WHO DID NOT HAVE AN

OUT OF HOSPITAL ARREST

Of the 2102 patients who arrived at hospital
without having suVered out of hospital arrest,
times from onset to arrival were known with
suYcient accuracy for categorisation into one
of our five groups in 2047 (97%). Numbers in
each group and their baseline characteristics
are shown in table 3. Fifteen per cent of the
patients arrived at hospital within one hour and

Table 2 Route of admission to hospital and associated delays in 2213 patients with acute myocardial infarction

Call to GP;
transport by
ambulance

Call to GP; transport
not by ambulance

Initial call to
ambulance

Arrival at hospital;
no initial call

Proportion of cases (%) 52 10 31 7
Proportion where times were known (%) 91 77 96 89
Median time (h) from onset to arrival at
hospital (25th and 75th centile) 2.6 (1.7, 5.3) 5.3 (2.3, 14.9) 1.3 (0.9, 2.4) 1.7 (0.8, 3.6)

Table 3 Baseline factors relating to delay in coming into hospital

Delay (hours)

< 1 > 1, < 2 > 2, < 4 > 4, < 12 > 12

No of cases (%) 309 (15) 555 (27) 504 (25) 387 (19) 292 (14)
Age (years) (SD) 60 (10) 62 (10) 63 (9) 63 (9) 63 (9)***
Female (%) 20 26 28 30 27
Cardiac failure within 48 h of admission (%) 28 30 33 30 38†
ST elevation in diagnostic ECG (%) 76 68 62 57 49***
Thrombolytic treatment (%) 70 67 60 48 15***
30 day fatality (%) 11.7 8.8 12.7 15.2 22.6†

†p < 0.01 v < 1 h; ***p < 0.001 for trend.

Table 4 Proportion of patients with cardiac arrest in hospital, attempts at resuscitation, and rhythm recorded, according to
delay in presentation

Delay (hours)†

< 1 > 1,< 2 >2,< 4 > 4,< 12 > 12

No of cases 309 555 504 387 292
No (%) with first cardiac arrest in hospital 57 (18) 74 (13) 86 (17) 64 (17) 68 (23)
Median time (h) of first cardiac arrect after onset of
symptoms 4.4 6.3 18.2 25.3 55.5***

No (%) of patients with arrest where resuscitation
attempted 47 (82) 58 (78) 57 (66) 44 (69) 43 (63)**

No (%) of resuscitation attempts where VF was the first
rhythm recorded 31 (66) 41 (71) 33 (58) 19 (43) 22 (51)**

No (%) of 30 day survivors of resuscitation 24 (51) 29 (50) 27 (47) 8 (21) 6 (14)***

**p < 0.01, ***p < 0.001 for trend.
†Delay times unknown for 18 arrest and three survivors.
VF, ventricular fibrillation.
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42% within two hours. Increasing delay was
associated with a slight increase in age and a
progressive decline in the proportion of pa-
tients who showed ST segment elevation in
their diagnostic electrocardiogram and who
were given thrombolytic treatment. Cardiac
failure within 48 hours of admission occurred
with similar frequency in the groups who
delayed for less than 12 hours, but was more
common among patients who delayed for more
than 12 hours (< 0.01). Case fatality did not
diVer significantly for delays of up to 12 hours,
but it was higher (p < 0.01) for patients who
delayed for more than 12 hours. However, sig-
nificantly more lives were saved by treatment
for patients arriving early than for those with a
longer time between symptom onset and com-
ing under care (see later).

Cardiac arrest and resuscitation in hospital
Cardiac arrest occurred in 367 patients (table
4). Resuscitation was attempted in 263 (72%)
but was not attempted in the remaining 28%
because of severe heart failure or comorbidity.
Of the 263 patients in whom resuscitation was
attempted, 97 (37%) survived for 30 days; for
the 57% of patients in whom ventricular fibril-
lation or pulseless ventricular tachycardia were
the first rhythm recorded, 30 day survival was
58%, but it was only 8% for the 43% of cases in
which some other rhythm was recorded.
Table 4 shows a marked increase in the

median time from onset of symptoms to hospi-
tal cardiac arrest as time from onset to presen-
tation lengthened. Resuscitation was attempted

more frequently in the earliest presenting
patients, it was more likely to have been
successful, and ventricular fibrillation was
more likely to have been the presenting rhythm.

Thrombolytic treatment
Fifty four per cent of the patients received
thrombolytic treatment and times were known
in 96% of these (n = 1090). Subsequent audit
showed that omission of treatment could be
attributed to therapeutic error in approxi-
mately 25% of patients who did not receive it.
In the remainder, omission was justified on
clinical grounds. Streptokinase was the drug
used in 83% of cases. The median hospital
delay in starting treatment (door to needle
time) was 50 minutes, but the median “onset to
needle” time was nearly four times greater, at
185 minutes. Table 5 shows the numbers of
patients treated within the periods from onset
to receiving treatment, together with the
respective fatality rates. Whereas the
proportion of patients coming under care
within one and two hours were 15% and 42%
respectively, and more than two thirds present-
ing within two hours eventually received
thrombolytic treatment, proportions who re-
ceived thrombolysis within one or two hours
were only 2% and 24%. However, fatality was
significantly lower for patients who were
treated within two hours of the onset than for
those who were treated later (table 5).

EVect of admission delay on success of treatment
Figure 3 shows case fatality, together with the
proportions of lives saved by resuscitation or
estimated to have been saved by thrombolytic
treatment according to time from onset to
coming under hospital care. In absolute terms
107 (72 to 141) lives were saved by hospital
treatment that started within one hour of onset,
and about 70% of this salvage was the result of
resuscitation. After one hour the salvage
declined, so that for delays of more than 12
hours only 21 (5 to 36) lives were saved, and
this was solely because of resuscitation. This
time trend was highly significant (p < 0.001),
both comparing numbers of deaths with lives
known (by resuscitation) and estimated (by
thrombolytic treatment) to have been saved,
and when the analysis was restricted to those in
whom survival was known to have been due to
resuscitation. Numbers of lives saved/1000
patients treated, with their 95% confidence
intervals, are shown in fig 4.

EFFECT OF TIME FROM ONSET TO COMING UNDER

AMBULANCE CARE FOR PATIENTS ARRIVING ALIVE

AT HOSPITAL, INCLUDING THOSE WITH OUT OF

HOSPITAL CARDIAC ARREST

Eighty three per cent of the 2213 patients
arrived at hospital by ambulance. All ambu-
lances had two man crews, all carried defibril-
lators, and in the great majority of cases at least
one member of the crew had a paramedic
qualification, which included training in en-
dotracheal intubation and administration of
cardioactive drugs. Of the 111 patients who
had been successfully resuscitated by paramed-
ics before reaching hospital, 55 (50%) were 30

Table 5 Use and success of thrombolysis in 1090 patients in relation to delay from onset to
administration

Delay (hours)†

< 1 > 1, < 2 > 2, < 4 > 4, < 12 > 12

No (%) of patients treated 21 (2) 240 (22) 440 (40) 346 (32) 43 (4)
30 day fatality (%) 0 5 10 13 23***

***p < 0.001 for trend.
†Times known in 96% of patients.

Figure 3 Thirty day fatality (black bars), lives saved by resuscitation from in-hospital
cardiac arrest (shaded bars), and estimated to have been saved by thrombolytic treatment
(white bars) according to delay in presentation to the hospital. Numbers above the bars are
the numbers of patients in each group.
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day survivors. Ventricular fibrillation or pulse-
less ventricular tachycardia had been recorded
in 74% of cases. In 85 of the 111 patients, pre-
monitory symptoms were presumed to have
been absent or had been present for less than
one hour, in 13 they had been present for one
to two hours, in two for two to four hours, and
in 11 for more than four hours.
Of the 1829 patients arriving by ambulance,

times from onset to coming under care were
known or could be estimated in 1791 (98%).
Table 6 shows patient characteristics for delay
times of up to four hours: after four hours data
were similar to those shown in table 3. Also
shown in table 6 are the 30 day case fatality
rates and the salvage (with 95% confidence
intervals)/1000 patients treated. These latter
figures were the sums of successful resuscita-
tions (prehospital and hospital) and the
estimated benefit from thrombolysis given in
hospital. More than twice the proportion of
patients (34%) came under ambulance care
within one hour as the proportion who came
under hospital care (15%). Baseline character-
istics were similar to those for delay in hospital
admission (table 3), but fatality rates were
higher because of inclusion of patients who had
been resuscitated from out of hospital arrest.

Discussion
Although reduction in delay has long been rec-
ognised as a key to success in the treatment of
acute myocardial infarction, delay is particu-
larly diYcult to measure, not only because of
unreliability of patients’ memories of the time
of onset but also because of uncertainty about
when infarction starts, particularly when symp-
toms are atypical or the onset is gradual or
stuttering. Thus measurement is at best an
approximation and is almost certainly an over-
estimate in view of experimental evidence that
infarction does not start until 20 to 30 minutes
after coronary occlusion and electrocardio-
graphic changes. Moreover patients who delay
longer do not necessarily have the same
prognosis at the onset as those who do not
delay. In particular, patients who call early have
been shown to have more severe infarcts than
those who call later.4 Patients who delay for
more than 12 hours are also a high risk group,
consisting largely of those with an atypical
presentation who are sent to hospital because
of a complication, usually heart failure. Thus
the curve of case fatality versus delay tends to
be U shaped,12 with higher fatalities in patients
who present very early and very late. Our
results support this. Nevertheless, apart from a
higher incidence of cardiac failure in patients
who delayed for more than 12 hours, the
diVerences in baseline characteristics accord-
ing to delay in our series (table 3) were less
than might have been expected.
In addition to the diYculties in definitions of

the onset of infarction, there is also diYculty in
defining the start of treatment. Of 152 30 day
survivors of cardiac arrest in the present series,
more than one third owed their lives to resusci-
tation from out of hospital arrest by highly
trained ambulance personnel. For this reason
we defined time from onset to coming under
care in two ways—by the time of arrival at hos-
pital and by the time of coming under
paramedic ambulance care, the two analyses
respectively excluding and including the pa-
tients with out of hospital arrest. Owing to the
accuracy of the ambulance records, times of
coming under care were much more reliable
than the patients’ memory of the time of onset
of symptoms. For patients admitted to hospital,
however, definition of delay in coming under
paramedic ambulance care ignores cases in
which resuscitation was attempted outside
hospital but was unsuccessful, the patient not
surviving to reach hospital. As shown in fig 1,
and more fully described elsewhere,9 these

Figure 4 Survival owing to in-hospital resuscitation and thrombolytic treatment, with
95% confidence limits of the estimates, according to delay in presentation to the hospital.
Numbers above bars are the numbers of patients in each group.
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Table 6 Baseline factors, 30 day fatality, and survival owing to treatment in relation to time from onset of symptoms to
coming under ambulance care

Delay (hours)

< 1 > 1, < 2 > 2, < 4

No of cases (%) 612 (34) 401 (22) 324 (18)
Age (years) (SD) 62 (10) 63 (9) 63 (9)
Female (%) 23 29 29
Out of hospital arrest (%) 14 3 1
30 day fatality/1000 173 122 133
Survival owing to treatment/1000 (95% CI) 136 (109 to 163) 99 (70 to 128) 64 (34 to 100)

CI, confidence interval.
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patients were survivors of a much larger
cohort, one third of whom had died before they
could reach hospital.
Except in patients who delayed for more

than 12 hours, we did not show any significant
eVect of delay on 30 day survival. Had it not
been for treatment, however, fatality for
patients coming under care within one or two
hours would have been nearly double what
actually occurred. Our results show that
benefits from the “golden hour”8 related much
more to resuscitation than to thrombolysis.
Indeed, because of delays associated with
administration of thrombolytic drugs in hospi-
tal, only 22 patients (2% of those eligible)
received thrombolysis within one hour, al-
though 253 (25%) received it within two hours
(table 5). Our estimate of the benefits from
thrombolysis were based on fatality rates for
delays shown by the meta-analysis,8 and
because so few patients were treated within one
hour of onset they show only minimal addi-
tional benefit for those who came under care
within this time. However, it is of interest that
the fatality we actually found when thromboly-
sis was given within two hours (table 5) was
half or less of the fatality when treatment was
given later. The thrombolytic trials on which
the meta-analyses are based8 13 measured delay
from onset to randomisation for treatment; the
time to administration of the drug must inevi-
tably have been longer than this. Moreover,
results from trials of thrombolytic treatment
given outside hospital14 15 suggest that the
period of optimum benefit may extend beyond
one hour. Thus we may have underestimated
the benefit of thrombolysis for patients who
were seen within the first hour, but did not
receive treatment until the second. However
the 95% confidence limits of 30 day fatality for
the relatively small number (261) of patients
who were treated within two hours are too wide
to allow us to make any predictions on possible
benefits that might have accrued had patients
been treated with thrombolysis at the time that
they first came under care.
Our finding that approximately four times as

many lives were saved by resuscitation as by
thrombolytic treatment depends on the as-
sumption that the eVects of these two forms of
treatment were additive, and that reperfusion
was not the cause of ventricular fibrillation in a
significant number of cases. There is experi-
mental evidence that reperfusion causes ven-
tricular fibrillation, and a significant excess
(2.5% v 1.6%, p < 0.02) of out of hospital
fibrillation was seen among patients in the
European myocardial infarction project16 who
received anistreplase prehospital compared
with those who received it after arrival at
hospital. However, this was balanced by an
excess of in-hospital fibrillation among those
who received a placebo injection outside
hospital and anistreplase after arrival. We can-
not exclude the possibility that reperfusion was
the cause of some cardiac arrests in our study,
but scrutiny of the time that ventricular
fibrillation occurred in relation to the start of
drug infusion showed that rather more arrests

occurred before infusion was started than dur-
ing the two hours afterwards.
Cardiac arrest occurred later and success of

resuscitation diminished as time to presenta-
tion lengthened (table 4). Late cardiac arrest is
a complication of large infarctions and it is
likely that many of our late presenting infarcts
were large because thrombolysis had not been
given or had been delayed.Had all 288 patients
who presented after 12 hours presented within
two hours, and had indications for thromboly-
sis been the same as in those who presented
earlier, an additional 20 to 30 lives might have
been saved, corresponding to a further reduc-
tion in fatality of 1–2%.
In conclusion, despite diYculties of

measurement and definition, reduction in
delay oVers important opportunities for im-
provement in the treatment of acute myocar-
dial infarction. The public should be educated
on the symptoms of impending myocardial inf-
arction and should be advised to ring the
emergency services first rather than contacting
their general practitioner.17 Systematic record-
ing of delay times in patients admitted to hos-
pital should provide a valuable audit method
for assessing improvements in response by
patients and in the standard of treatment, both
by the ambulance service and by the hospital.
Our data from contemporary routine practice
in general hospitals provide further support for
strategies to minimise delay to care for patients
with acute myocardial infarction.
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STAMPS IN CARDIOLOGY

Heparin

The joint theme for all European postal
administrations in 1994 was inventions and
discoveries. The two Europa stamps issued for
this by Åland depict medical discoveries
connected with the Åland Islands. The first
stamp featured vonWillebrand’s disease and its
genetic linkage. The disease was common in
Åland as the islands are quite isolated and
intermarriages common. EA von Willebrand
was head of the department of internal
medicine at the Deaconess Hospital in Hel-
sinki, and studied the disease in two large
families in the Åland archipelago. The second
stamp in the series commemorates the purifica-
tion of heparin by Erik Jorpes and shows the
antithrombin binding pentasaccharide se-
quence in the heparin molecule. The stamps
were designed by Kurt Simons, an illustrator
and designer from Bromma, Sweden. The first
day of issue was 5 May 1994. Five hundred
thousand of each denomination were printed in
sheets of 40 and printed in four colour oVset.
The First Day Cover and special cancellation
mark depicting drugs, medicine, and academic
skills were also designed by the same artist.
The discovery of heparin in 1916 resulted

from the persistence and careful research of a
preclinical medical student, Jay McLean, then
aged 26. McLean was an orphan and had to
work for three years in labouring jobs to save
enough money to fulfill his ambition of
entering Johns Hopkins medical school. Once
accepted, and even though his aim was
academic surgery, he asked to spend his first
year in physiology where Dr William H Howell
gave him the task of isolating a clotting factor
from brain tissue. McLean achieved this and
then, on his own, studied a liver extract. This
also had a clotting factor but crucially Mc-
Clean went on testing it for several weeks. He
found that the thromboplastic action disap-
peared, and that a powerful anticoagulant fac-
tor was now present—this was heparin. Howell
made a crude preparation of it, which led
Charles Best in Toronto to work on the
problem. His colleagues at the Connaught

Laboratories, Arthur Charles and David Scott,
found that beef lung was the best source and in
1935 Best and a surgeon, Gordon Murray, did
clinical trials with that material.
A Swedish chemist, Erik Jorpes (born on

Kökar, Åland in 1894), then did fine work on
the chemistry of the Toronto heparin, which
was in fact diVerent from that found by
McClean and Howell, and he identified it as an
acidic sulphated polysaccharide. Also in Swe-
den the pioneer cardiac surgeon, Clarence
Craaford, had already operated with success on
two patients with massive pulmonary embo-
lism. Using material supplied by Jorpes he ini-
tiated a research programme in 1935 of using
heparin to prevent postoperative thrombosis
and embolism.
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